Objective: To assess the effectiveness of a cognitive-behavioral therapy-based intervention (Superwellness Program) on weight gain compared with a treatment-as-usual (TAU) approach in patients treated with antipsychotics, and to evaluate the relationship between body mass index (BMI) variation and clinical variables. Method: Eighty-five patients treated with antipsychotics were allocated across two groups, experimental (n=59) and control (n=26). The Superwellness Program (experimental group) consisted of 32 twice-weekly 1-hour sessions, conducted by a psychologist and a nutritionist/nurse, concurrently with moderate food intake and moderate physical activity plans. Sociodemographic, clinical, and biological variables were collected at baseline, at the end of intervention (16 weeks), and after 6 months. Results: BMI change from baseline differed significantly between the experimental and control groups, with a larger decrease in the experimental group (F = 5.5, p = 0.021). Duration of illness moderated the effect of treatment on BMI (p = 0.026). No significant (p = 0.499) effect of intervention during the follow-up period was found. Interestingly, the intervention indirectly induced a significant (p = 0.024) reduction in metabolic risk by reducing BMI. Conclusion: A cognitive-behavioral therapy-based intervention could be useful in reducing weight in a clinical population taking antipsychotics, with consequent benefit to physical and mental health.
Introduction
Overweight and obesity are common concerns in individuals with severe mental disorders, and represent a common adverse effect of many psychiatric drugs. In particular, antipsychotic drugs increase the risk of overweight, obesity, 1 diabetes mellitus, 2 and cardiovascular diseases, 3 leading to a significant reduction in quality of life 4 and greater morbidity and mortality. 5 The prevalence of obesity among people with psychotic disorder is 40-60%, higher than the 35% prevalence in the general U.S. adult population. 6 Furthermore, weight gain is one of the major reasons for cessation of antipsychotic treatment. 7 Indeed, medication adherence is associated with perceived weight status. 8 Moreover, being overweight or obese has an impact on important aspects of health-related quality of life 9 and increases the social stigma associated with mental disorder. 10 For these reasons, management of weight gain should become an intervention target. There is growing interest in developing strategies to control or mitigate weight gain with pharmacologic and nonpharmacologic interventions.
Several pharmacologic interventions to attenuate antipsychotic-induced weight gain have been proposed, but with only moderate success. Out of 15 agents examined in a recent meta-analysis, 11 only five showed significant benefit versus placebo. The other two established pharmacologic approaches, metformin and topiramate, reduce antipsychotic-related weight gain compared to placebo but can cause additional side effects. 12, 13 Conversely, nonpharmacologic interventions do not have such side effects and seem to be promising. A metaanalysis of 17 randomized clinical trials (RCTs) 14 including 810 participants reported that nonpharmacologic interventions were significantly more effective than the respective control conditions. In particular, the pooled weight change of the experimental groups compared to the controls was around 3 kg in these studies, and the magnitude of the weight loss was comparable to that achieved with metformin and topiramate, 11 without their adverse effects. The recent STRIDE RCT showed that patients taking antipsychotic could lose significant amounts of weight with a comprehensive weight-loss and lifestyle-change program, 15 and that losing weight also improved perceived health and health-related self-efficacy. 16 Thus, expanding research on this topic is an important step in improving health interventions for people with serious mental illnesses.
The principal aim of this study was to assess the effectiveness of a cognitive-behavioral therapy (CBT)-based intervention (Superwellness Program) on weight gain compared with a treatment-as-usual (TAU) approach, within a psychiatric and psychosocial treatment regimen representative of the usual setting and modality of care in Italian psychiatric rehabilitative centers.
Materials and methods
This study was approved by the local ethics commission (Comitato Etico delle Istituzioni Ospedaliere Cattoliche, CEIOC) and all patients provided written informed consent.
A prospective, multicenter design was used, with a 6-month follow-up period. Participants were recruited into five psychiatric centers: four inpatient units and one outpatient service.
The inclusion criteria were: diagnosis of schizophrenia, schizophreniform disorder, or schizoaffective disorder, in treatment with antipsychotic drugs; age 18-65 years; body mass index (BMI) 4 25; and ability to give informant consent. The exclusion criteria were anorexia nervosa, bulimia nervosa, alcohol or substance dependence, and mental retardation.
Patients were enrolled consecutively into the experimental group (to a maximum of eight patients per group) and compared with controls.
Interventions
The Superwellness Program follows a model previously developed and published in the context of an informative campaign on safe nutritional habits supported by the Coop-Lombardia food retail group in 2005. To ensure intervention homogeneity among centers, each session was manualized.
The program consisted of: 32 twice-weekly, 1-hour sessions conducted by a psychologist and a nutritionist/ nurse; 2) a moderate food intake plan, without any specific food prohibitions, based on Mediterranean diet (MedDiet) 17 recommendations; and 3) a moderate physical activity plan to promote self-care by participants.
The CBT-oriented intervention included four different aspects: 1) psychoeducation on nutrition: information on different type of foods, the food pyramid, daily nutritional needs, as well as recommendations for a successful moderate calorie-restricted diet; 2) cognitive aspects: to help patients to recognize dysfunctional beliefs and cognitive bias on food habits (such as dichotomous thoughts, overgeneralization) and to replace them with more functional beliefs; 3) emotional aspects: to increase selfobservation of eating behaviors (aided by a dietary journal) and emotional states and sensations associated with satiety and hunger, in order to increase participants' ability to discriminate these conditions; and 4) behavioral aspects: to help participants develop functional alternative behavioral skills to reduce out-of-meal food intake and to promote other behaviors instead of eating. Activities for each session were scheduled in detail. Each session included a psychoeducational part and a review of dietary journals. Particular attention was given to the specific problems or difficulties of each participant and to promote alternative skills and solutions using cognitive and behavioral strategies. In the TAU group, the intervention consisted of an individual session in which participants received information about foods and nutritional needs, and were encouraged to maintain a safe lifestyle.
Both groups were led by a psychologist and a nutritionist (or, where a nutritionist was not available, a specially trained nurse). Intensive training on the Superwellness program was provided by the reference psychologist before the start of the intervention; in particular, two sessions were devoted exclusively to familiarizing the research protocol with all involved staff, followed by a single session, for psychologists, to homogenize style and techniques of conduction.
Assessments
Assessments were performed at baseline, after 16 weeks (i.e., post-intervention for the Superwellness group), and after 6 months. Demographic and clinical features were collected at baseline using a standardized data collection form. Diagnoses were made according to the DSM-IV criteria by the psychiatrists in charge.
Outcome measures

Weight and body mass index
Height was measured once at baseline. Body weight was measured on a digital scale at baseline, after 16 weeks, and after 6 months. BMI was computed, by definition, as the weight in kilograms divided by the height squared in meters. The change in weight and in BMI was computed as the difference between values measured at the end of the intervention and values measured at baseline.
Clinical assessment
Clinical assessment was conducted at baseline, after 16 weeks, and after 6 months. The following scales were administered: the Positive and Negative Syndrome Scale (PANSS) 18 to assess positive and negative symptomatology; the Global Assessment of Functioning (GAF) Scale to assess psychological, social, and occupational functioning 19 ; the WHO Quality of Life-BREF (WHOQOL-BREF) 20, 21 to measure quality of life; and the Short Form-36 Health Survey (SF-36) to assess patient health. 22, 23 Other parameters
Patients underwent blood tests consistent with their clinical assessment in order to monitor the following cholesterol (total) and triglyceride levels. Waist circumference was also measured. These parameters were then stratified into risk levels to define a comprehensive cardiovascular risk index.
Statistical analyses
Descriptive statistics (mean and standard deviation for continuous variables, absolute and relative frequency for categorical variables) were used to summarize the demographic and clinical features of the study sample. Parametric t-tests were used to assess absence of differences in demographic and clinical variables (age, weight, duration of illness, and metabolic parameters) between two groups before the intervention. Similarly, chi-square tests were used to ascertain absence of associations between the two groups and the categorical sociodemographic and clinical variables (sex, marital status, diagnosis, type of antipsychotic drug) before intervention.
A repeated-measures analysis of variance (ANOVA) model was employed to assess progression of the main (BMI) and other outcome variables (WHOQOL-BREF, PANSS, GAF, SF-36 Physical and Mental indices) over time (pre-and post-intervention as within-time factor) and between groups. Moreover, the associations and correlations of sociodemographic and clinical characteristics with the difference in the significant outcomes from baseline, highlighted in previous analyses, were evaluated by ANOVA models and Pearson's correlation coefficients. To define the metabolic risk index used as a compound variable to assess all three metabolic parameters (cholesterol level, triglyceride level, and waist circumference), we first categorized each of the three metabolic parameters into low, medium and high (assigning a score of zero, one, or two, respectively) according to the Executive Summary of the Third Report of the National Cholesterol Education Program 24 and to Han et al. 25 Successively, the metabolic risk index (ranging from 0 = no risk to 6 = highest risk) was obtained as the sum of scores for the three parameters.
Lastly, a structural equation model (SEM) was used to analyze interrelations between intervention groups and other sociodemographic variables found to be associated or correlated with changes in BMI. The main advantage of using SEM is the flexibility to model complex relationships between one or more independent, or exogenous, variables (intervention, GAF scale, illness duration, sex) and one or more dependent, or endogenous, variables (change in BMI, change in metabolic risk index) simultaneously. 26 To test whether the hypothesized model is a plausible explanatory model for the empirical data, its goodness of fit was checked by several measures 27 : chi-square test, relative chi-square test (o 2.5 indicates good fit), comparative fit index (CFI; B1 indicates good fit), root mean square error of approximation (RMSEA; o 0.05 indicates good fit), and the Tucker-Lewis coefficient (TLI; 4 0.9 indicates good fit).
Missing data (less than 15%) for variables included in SEM were handled by stochastic regression imputation. 28 All statistical analysis were carried out in SPSS version 21.0. SEM was implemented through the AMOS version 21.0. Statistical significance was set at p o 0.05.
Results
Participant characteristics
A total of 85 subjects were enrolled in the study: 59 were allocated to the experimental intervention (Superwellness group) and 26 to the control group. The two groups were homogeneous in terms of sociodemographic and clinical characteristics at baseline ( Table 1 ). Most of the participants had a diagnosis of schizophrenia, with a long history of disease (17.3 years, standard deviation [SD] = 10.6 years), and were unmarried. All were receiving pharmacological treatment and most (93%) received at least one atypical (second-generation) antipsychotic, while 7% of patients received only a first-generation antipsychotic. Patients receiving second-generation antipsychotics were divided into three groups, in accordance with the 2004 Consensus Development Conference on Antipsychotic Drugs and Obesity and Diabetes, 29 namely: clozapine/ olanzapine (high propensity for weight gain); quetiapine/ risperidone (medium propensity for weight gain); and aripiprazole (low propensity for weight gain). As the chisquare statistic was not significant across groups (w 2 = 1.654, p = 0.437; Fisher's exact test), they can be considered similar on this variable.
Regarding the main outcome, the mean BMI at baseline was 32.3 kg/m 2 (SD = 4.7) in the Superwellness group and 34.7 kg/m 2 (SD = 5.3) in the TAU group, both corresponding to the same level of ''mild obesity.''
Considering the metabolic parameters, both groups at baseline had medium cholesterol levels, low triglyceride levels, and very large waist circumference measurements.
Longitudinal evaluation of outcomes
The mean change in BMI after 16 weeks was -1.9% for the intervention group (decreasing from 32.6 to 32) and +0.6% for the control group (increasing from 35 to 35.2). The repeated-measures ANOVA model for BMI revealed significant effects for both principal effects (time and group) and the interaction effect (time x group) ( Table 2) , indicating actual effectiveness of the intervention on BMI change. Similarly, a significant interaction effect of treatment on GAF changes was observed (p = 0.050). No significant effect of intervention on the other outcomes (PANSS total score, WHOQOL-BREF subscales, and SF-36 Physical-Mental indices) were found.
Considering the two outcomes significantly affected by the intervention (Table 3) , we found that the difference from baseline in BMI was associated with the variables sex (males experienced greater reductions in BMI than females, p = 0.037), duration of illness (shorter illness correlated positively with reduction in BMI, r = 0.25, p = 0.026), and metabolic risk index (reduction in risk correlated positively with reduction in BMI, r = 0.23, p = 0.033). Conversely, no associations were found between GAF and other sociodemographic and clinical characteristics.
Regarding follow-up data, the mean BMI after 6 months was 31.7 (SD = 5.1) in the intervention group and 35.6 (SD = 5.6) in the control group. No significant changes in clinical outcomes, PANSS total score, GAF, WHOQOL-BREF subcales, or SF-36 Physical-Mental indices were found. CBT for antipsychotic-induced weight gain
Structural equation model
All variables significantly associated with changes in the main outcome (BMI) were included in the SEM.
In addition, we also included the GAF scale as an exogenous variable. Although changes in GAF were not related to sociodemographic and clinical variables, we decided to include it in the model to investigate if and how the level of patients' functioning at baseline affected changes in the main outcome. Besides, from a methodological point of view, the inclusion of that exogenous variable improved the goodness of fit of the SEM. Finally, regarding the variables sex and duration of illness, we tested their association with BMI change both as exogenous variables and as moderators 30 of the relation with the intervention. The final model (i.e., that with the best fit) is displayed in Figure 1 . The number of estimated parameters was 22, including covariance parameters between exogenous variables for improving the model fit. Model fit indices showed good fit to the data (w 2 = 17.26, degrees of freedom [df] = 13, The intervention was the variable most predictive of BMI change: patients in the Superwellness group experienced a reduction of about 0.3 kg/m 2 (corresponding to a 0.52 standardized coefficient) with respect to patients in the TAU group (po0.001). Among the other clinical and demographic variables, we found that males experienced greater reductions in BMI than females (p=0.022) in both groups, and that duration of illness moderated the relationship between BMI change and group: the longer the duration of illness, the less the effect of intervention (p=0.026) in reducing BMI.
Regarding functioning, there was no evidence of association (p = 0.124) between the level of functioning at baseline and change in BMI from baseline.
Interestingly, the change in BMI after intervention correlated positively with change in metabolic risk index: a BMI decrease induced a significant (p = 0.024) reduction of metabolic risk.
Finally, no significant relation (p = 0.499) was observed between BMI change from baseline (diff_BMI in Figure 1 ) and BMI change during follow-up period (diff_BMI_followup in Figure 1 ), indicating no significant indirect effect of intervention during follow-up.
Discussion
The present study showed that a CBT-based group intervention was useful in reducing weight in an unselected clinical population taking antipsychotic drugs. We used a relatively short, well replicable, and cost-effective intervention that is able to modify the natural course of weight gain in patients treated with antipsychotic drugs.
Our results showed a significant difference between treated patients and the control group. In particular, in the experimental group, BMI decreased 0.6 kg/m 2 , while BMI increased in the TAU group. These results were similar to those reported in previous studies. 1, 5, 31, 32 Although the percentage of reduction could be considered small, it is noteworthy for a population expected to continue to gain weight each month, 33 as happened in the control group.
Obesity and its consequences entail serious health risks, and antipsychotics, especially second-generation ones, have major weight gain-inducing potential. This adverse effect has recently become a major concern in the treatment of psychosis, because weight gain not only influences treatment adherence but is also associated with substantial medical morbidity and mortality. 34 Results of studies on nonpharmacologic interventions designed to induce weight loss are promising, and these interventions do not have the adverse effects of pharmacologic treatments.
A key issue regards the maintenance of the effect. Indeed, an extended recent meta-analysis based on 25 RCT on nonpharmacologic interventions on weight management in people with psychotic disorder 35 showed that they were effective both for weight loss and for weight-gain prevention, and had significant long-term effects (2 to 6 months post-intervention), but results were heterogeneous. In the present study, the improvement in BMI was recorded only during the intervention; no effect of intervention was observed during the 6-month follow-up period. This findings could be due to the short intervention period, but a similar BMI trajectory was found in a study by Kalarchian et al., 36 in which participants' BMI decreased significantly during weekly behavioral treatment and remained stable through 12-month post-treatment follow-up. Obesity is now a public health problem in large parts of the industrialized world, and weight-control interventions such as diet and exercise have only provided short-term health improvements in the general population, without significant mental health problems. 37 A fortiori, people with mental illness will have even more difficulties in following a proper diet while taking medications which increase their appetite and weight. In fact, patients who gain weight under antipsychotic treatment report regularly unsuccessful dietary trials. 38 This aspect should be taken into account in the implementation of interventions, and some booster sessions could be planned to improve maintenance of results, as proposed for another treatment strategy. 39 Physical health is a crucial dimension of quality of life in these patients, and access to physical health comparable (in terms of quality) to that enjoyed by the rest of the population is a basic target. 40 In particular, obesity in schizophrenic patients treated with antipsychotic medications could lead to development of cardiovascular disease risk factors 10-15 years before the general population 41 and to 23% higher cardiovascular risk compared to that of obese persons without schizophrenia. 42 For these reasons, the promotion of physical health in these patients represents a key issue. 40 To this end, in our sample, we collected data on other metabolic parameters in addition to weight and BMI, as suggested by Bruins et al., 35 who underlined the need to test the effect of nonpharmacologic interventions on such parameters. The Superwellness Program reduced cardiovascular risk index, associated with a reduction in cholesterol, triglycerides, and waist circumference. These differences were consistent with literature results both concerning lifestyle changes in the general population 43 and nonpharmacologic interventions in a psychiatric population. 14 However, changes in physical health did not correspond to a significant improvement in WHOQOL and SF-36 scores, which did not differ statistically within the two groups. Quality of life is a complex construct, including different aspects. As noted by Chen et al., 44 we could hypothesize that such a brief and specific intervention would not have a direct influence on quality of life considered as a whole. In line with our findings, a metaanalysis 45 on weight loss in the general population showed only little improvement in health-related quality of life, and suggested that the most consistent effects are found only when using obesity-specific measures of quality of life. We can speculate that improvement in quality of life is harder to achieve in psychiatric patients with a long history of illness. Moreover, it is possible that minor changes occurred in our sample, but were not sufficiently large to be detected by the instruments used in this study. Furthermore, the lack of improvement in these variables could also be attributable to the brief duration of the intervention, with some changes occurring later; further investigation is needed to address this.
Another interesting result is that the reduction in BMI in the treated group was also associated with gender, with better responses observed in men, as in previous studies of the general population. Recently, Leblanc et al. 46 reported that a 12-week nutritional intervention program based on the MedDiet led to more pronounced benefits in men than in women, contributing also to greater improvements in metabolic profile. Possible explanations are based on insulin homeostasis, with improvements found in men but not in women 47 or in decreases in adiponectin concentration in men, which affects cardiovascular risk. 48 Finally, the duration of illness, and, consequently, the duration of pharmacological treatment, also influenced the decrease in BMI; the longer the duration of illness, the smaller the effect of the intervention in reducing BMI. Data regarding duration of illness and its effect on nonpharmacologic interventions are few and contrasting. Kalarchian et al. 36 found a trend for patients who had been taking antipsychotics for many years to exhibit a more favorable BMI trajectory during a nonpharmacologic intervention, but the BMI at baseline in their sample was higher than in our Superwellness group; thus, we can hypothesize that a different pattern of change occurred. Another study 49 did not find a significant role of duration of antipsychotic treatment. Further research is needed.
Results from the SEM model confirmed that a CBTbased intervention could modify BMI in patients taking antipsychotics and, consequently, influence their cardiovascular risk. Duration of illness and gender should be taken into account in planning such interventions, as these factors can influence outcome. The advantage of using SEM is the possibility of modeling complex relationships between one or more independent variables and one or more dependent variables simultaneously. In particular, reduction of cardiovascular risk was found to be associated with change in BMI at the end of treatment. In turn, change in BMI depended on the intervention, and was moderated by the duration of illness. Finally, gender, but not general level of functioning, influenced the BMI reduction.
In general, it should be recommended that such interventions be integrated into treatment at the very earliest stages of pharmacologic therapy, so as to better prevent weight gain and reduce cardiovascular risk. Indirect advantages of these interventions may include prevention of medical comorbidity, as well as reduction of obesity risk and related social stigma. Furthermore, the Superwellness Program in particular is a cost-effective intervention, as weight gain is one of the major reasons for nonadherence, with consequences such as relapse and rehospitalization, which, in turn, increase the cost of psychosis treatment. 50 This study has both strengths and limitations. The major strength is that the Superwellness Program has been proven effective in a routine clinical setting with an unselected population. Regardless of whether the inclusion of an unselected population could be considered a limitation and a possible confounder, it should be noted that our sample was representative of the clinical population admitted to rehabilitation units in our country. The use of restricted criteria would likely limit recruitment to small numbers of participants who might not have been representative of the chronically ill populations managed in most clinical settings. Furthermore, such interventions could easily be integrated into psychiatric rehabilitation programs and, being manualized, are amenable to implementation in different clinical settings. Some caveats should be taken into account when interpreting our data. The principal limitation of this study was its nonrandomized design. Although we did not find any clinically or statistically significant differences at baseline for the outcomes of interest, the lack of randomization makes our study less reliable and generalizable than a randomized trial. Furthermore, randomization should guarantee an ideal balance between groups for the variables of interest. Indeed, it should be noted that our control group had a slightly higher prevalence of BMIs indicative of more severe obesity.
Another possible bias that could affect generalization of our results is the small sample size. Nevertheless, a meta-analysis on this topic 14 that included larger RCTs reported similar results. Finally, the brief duration of the intervention and the lack of long-term follow-up prevented us from drawing conclusions on the long-term effects of the treatment. In light of the modest weight loss reported by this and other similar studies, future interventions on weight gain should be integrated with pharmacologic treatment at early stages in order to prevent or reduce this adverse effect of antipsychotic therapy.
In conclusion, beyond the limited results of this study, it seems clear that weight-management interventions for psychiatric patients should be incorporated into clinical practice. Future research efforts could focus on the development of longer interventions, specifically preventing young patients from becoming obese at treatment onset, and on direct comparisons between different types of intervention. Long-term effects could also influence medication adherence, subsequent relapse rate, and social isolation, and further data on these topics are needed.
